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Abstract of US61 75554 
An ATM traffic control apparatus and method 
for adaptively controlling ATM traffics. The 
ATM traffic control apparatus includes an 
output buffer for storing traffics generated by a 
plurality of traffic sources; traffic predictors of 
neural networks for generating predicted traffic 
values designating the number of cells which 
is expected to arrive during a future time slot, 
by adaptively learning the number of cells 
received during a setting time slot; a decision 
gate for deciding whether call congestion will 
happen by using predicted traffic values, an 
available buffer size of the output buffer and 
the number of cells to be transmitted during a 
setting time slot, and for generating the 
number of cells which can not be processed 
during a future time slot when it is decided that 
the congestion will happen; and a traffic 
controller of an expert system for calculating 
an optimal flow rate of each traffic source to 
control the congestion of the output buffer, by 
using service rates of the traffic sources, traffic 
types, peak bit rates, predicted traffic values, 
and the number of cells which can not be 
processed in the output buffer. 
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^oj ATM M2H5J01I 0I8H 



i; 



III 



^so/ #o/fe= J/s Si u sotsi msuJt^ 

S ATM ^BH5! UlCMSxl SI gSWI at& 3i°S, ^Sl CTg& 

ESHSiS X1ICH&'’ 4^ 2ife Sxl ^ gaoil 5^e1 3S0ICI-. 

I S2H2J ATM S2H5! HICH§xl21 £A|6l-:[l 2iCI. 

24*5ffe /dbl2i S§(Quality of Service: Olof QoS£i Se}Cf)0l| CLfST 
0^-9, ^(priority queue) 11 CHI ^ ^3il§SH(cell scheduler )12i= 4f?l ^11-1 =EH 

2) ^<y^?l(HI COdf 2| WOilAH #gbHffl(output buffer)130ll S^ofAll BO. 

zi£iu £ ia =?^m saHsi atm mehsi nidsxife aea as sm§» |:^P:„,?i 
TJ PI- Egunis ^ = 31-01 oHg ^12S S^ol-jl. SESi ^s2| ^CHIAH ;ii9llMgOt S (IH JH-AI 

S^rsiS sl^AlgAliKdelay tin,e)01 S5|8fT|| SO. ^SWiS 

oas PI- AI-SXPI fiT^ol-fe 2S QoSS Sj-^Aia 4" SH BAI SS 4*i=oK)1 QoSs THOioKSOf 

tfci. Aiiewis ggHbimisa as tfs 4 )ehu ^aasHHi chxh 

m =4 sio. 

ATM UieeJBS sS dlP£ ^ QI0IE1 ss S&8IS Cfg& SEHSISS xHS-iaD. 4i:?l — pp 
5 ^ ^ KbpsOil/d 50Mbps SEfe 100Mbps 7)1- X12] 

= OoS^I e4*@CJ- OI2faS g^l-AI gEHSi MSH^Is xT£|6ia a S^a 4i2iCHI CHa QoSs ttAIoPI 
Sma aS 4 h=' SSSHs sasKn agaas sHg8fs saiiaes xHdi& ^ sidofsci. 4.01 

QoS El-boiElfe ^ X!^(cel l-transmission delay) ^ ^ ^^M(cel l-loss 

eliBoi sggr EfBoiaoiffl . oi§ mamasoii □& e^^s Aisxfga ahui 2 ; Ai^ig aoii ats a 

srj- ITI-pT^ £ All^afcall set-up) Al , SBHa a^^S L||S^32) A|§Xf 2ICHI a§3D1, 4>X1 QoS 

iia)DiEis ^as daso. 4,012) as aacHi sish atm ms°4as A)gxi?i aiai-oi 
Eia ^lasui as§i 4,01 qosb sxl^^□■. 

>^OI ATM UI^?iaCHlAH aS SEHa 4i4iwS tildEI (bursty)8)3 . 4.01 W2;E1 :4i4:S SEHa ^S» 
Sgsf™ (1[^ il bi^IstacM ^MS a-jsm asa. 4,oi atm uis^ias 
gum xHE18)HS. sa CHa^ gSOil 21oH as SEHaS olgoioi CHg^ S 

4=”2lEa S3liaa agSKstatiscal mul t iplexing)X) OISSE). aaiU S1=j4a S^a ^ — ^01 = 

Aloii s^staoi 4jagf uiE?-ia a4as 4= sict. sm 4.01 atm l-iis?-iboiiat rn-r-m ahchoi 

51 cfa^si wiaaa a g stux) gs xiioi aaoio. rj. j. bae and t. 

Suda, “Survey of Traffic Control Schemes and Protocols in ATM Networks . J" 

7Q DO 170-189 Feb 1991j 4,012) aS T1ICH gSS ^^X) aCHUXI SCHi -,-i-^ OII-,o)OI 

= l,££ha' =^V^x^aaa%^s uis?-i3 ssHaoi ^sa ^ as o)?i8)s 

aiS(Hr£58)xi at^ 3E1U a^ seHaia) uisaBa 4fai s^chi axisjs gaia 

szB D°^§1 QoS ^ 01# ^El’Oll 2\^ C|0| bH Al El (di versi t_y)# xH Elol-lzCll 

8)xi ac). oi2Tas §3 aas kei mehsi ^goiiAT oipixi sa es)oii sao)xi so)c). 

uiEagoi 54X18)3 a ^2)1® ^SOII CHS) QoSB ^ XI 8) XI a 8)01. ATM UIS^3i^ SSH®, S 

^1-- 2A£^ 3£S §38)3 Sat) «ICH 3lg 

I kSslS aa& ATM ois aa aoiaAiEia xiEia ^ xig§°s flioio)s 
5Jg aas &E). 



M'^S/ MM! 

rTipj.AH ^ ovwoi OH EJ-gs^ B9IS OII^S) QI2H SEHa aCHI aSH 44EH a§ SSH OH 

S|!3 =5 SSWI CiTe) a SBHa'oS A)gX)X) S38)S AHhfl- sag SX|8)ffl £ axis) 

ffl siaa £»3s senag xiioia 4- ais sxi a aag xiisgfoii stc). 

§01 g§g a§8)xi at) s ass oiioia^ senag x)ioi8)s §xo). o^-xna sjHa jEsgwi 

qjsu tiiAHgt= egums XISo)Oi ga8)S gatHffl^, 4,01 S^a i^SOII CHS3S -r^ 4^)1133 

Si &ali 33 §2) ^dS gga ag§3s agmoi oieHa a§ 
qoi=JL SOI- £gg^ ^ga 4=s oii^s oiBHa oii^ ssna agg a4Ho)s sena oii^xiga, § 
T| “^um goii ah gaas a oiia ^sna agg ade) a3 4,''Xi gaaaa ss 3xi a ^ 
- ISil' iorXs ^%gl)iWSaaffla s a§ ss« a§s)a s 
□IEH2I d§ E)ggs 3asa xHEia 4= as ^ga =4S gao)s a§xi2), adnis ai_c=-^m| 
-^•■xi a ssHa 4:dga ahui^ siiois. gcH. niBtus siiois, oiia ssna a 
qiwIah xHEie as ^ 4-s aas)oi a saia ±^ms\ aaa sgasg xiido)of 4.01 
ffla g^a xiicH8)s ssHa xiioixis 3 §@ ag a§3s mo. 



mSSJ Si iSS 

ATM as as tiiM-5tioisg a AHbid gggg as i3as gga ssnag xHEia^ 

“EIQICIOI LII^?-I30IP- COaAH 4,Oia as a^ SEHa ddgoi CHo)OI A)gX)X) 23S QoSs -rrXl 

S£TE«Oll!3-4f sS(co“„SS.ronp,ob1e.)m E»^_||!2I 

X) Bf4HQOI£ 23S XlsOI 4=gg =4 asa 4,01 ATM a=: 33S §ao)3 -^ge) _BH-n AilWs 

6)oiof SO. s aaa aAioiioiiAHs atm aoiiM SEHag xiiois)xi 

LHSa3( recur rent neural networks)^ AI4iS(expert sys^em)s^A^^^ 

SSfintell igent arch! tecture)a ATM SSHa mCH§xls Jll^dE). =XI tt^ LH^_tH3s — 

EHa AHOISxIS Xlisas MEHaa a§3 ssnaa S§ as)(dynamic change)^ 

Saa dAIOIIOll DS sg LHIS?-13S SEHa ddOll CHS ^Old SEHaa OIEH aUuture traffic 
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, , X m SS ^qzfflow rate)* 01I^S^fe 51§ SCHS ^Ci. ^CH5! OH E^gJsa011A^ AllCH¥fe a J 

^i^srstra mai ^^oH^ ffSIS SWS ^ SeH^I 4 :>i 0H CHSKM A^SX^:3^ fi^el QoSs^AI^^._ = 
ISSS e asS LaiSS oi ATK ifflui aioisJit ss»»! ai^ »«s# seiaa =a 

5JSS 

s fe^gsi ^AIOIIOII mm ATM ea|5! AllOISXlfe 

S^gUExpert System)g OlgmCM ATM ^ \Tm 

J zicruxi t=3Uixioi m.M Q.I EPUm^ QO LH91I ATM Lil=-H=i— I =cH-. uii-,uii 

la^s'a ® Si"utleuta®®N.tJ“T,?.ffc®?-e?iar' Sftlal" 

5ie>°s ¥^0 c:k 

£ 221 ¥^s B^b1ffl24fe El^^Elfe ^SHS! 4:^1-^EH5! :4i^mS AHSelCL 

epuni 01I^TI?1¥ j!1?12| ^BH^I :t;2;1 - M£H5! 4:;i:ni §21 21^1 CHBSlfe 4=£ ^blSD. 

Sie'^TaifestB^ aasD. a^i sell oii^piais csat -ai^ 

nL“Hoj n Fi°'— N(t)“N(t”(n-1))M fcJ^ — S oK)1 01 £-1 sSAlZh MEH^s 

M-a£W^a*92“aAii>(Tasl Mil'ys tts8,=m*i a.' gsa sa«Mi as asa 

ttjgLrui ruiNai-rJ- ^Eii°^' 011^I?121S| MEH^0 AIEJ-M Ej-^s^ UtH, -» 

Qol^^Ipl:7^0^|;^ ei^afe MB2l”¥{AIZ1 tOIIAH & EliJsS ^21 B£1 ^ e 

Is #71 n eT^bI ^eT§^"21 E1SJ6B B §SS1 4=^ §21001. §7| MEHai 011*712121 S 

ai 5!0 DISH a- Eia§^ saoii esib bb 2 i ¥s«h, oh Aiaoici oii^aci. 

§«7l22fe in3H21 EBH5! 01I^7|21011A^ m3H21 Oil* =015! N(t+1),-N(t+1L21 &a Si TN(t+1) 

nl“A^^l"'®^<mm9AqJ * ^ 4= TC °g AIOI^ BS(t)SS gJ^SIDI. §71 3 gl^s M^olOI 

S2=<Wffl^l71 xHEl**^ 4= Slfe ^§21 NC(t+1)§ s§aC1. §71 g§7122fe QI2H21 EliasS ==.- 
Ah#i hH ffl24011>M ^■^‘'01 s§ol-^ 4=1^61-01, ^^CHl Hl-dl- 4>EHs 

21 e£H5! 011*7121-1011AH =015! 0H*7121-m 

A^SSsiS aS 4171 g^tnffl242i ^ga 

a Bail ¥s mmm ^ssi ¥(tob oissioi oioia a bsb^ sa 

^01 g^tHQ12471 zHB-ia ¥ 21§ §§21 ¥(NC(t+1))fi Oll^aB. 

EPuni IIIOITIPT^ oi-^H1= Al^ilSSAH. 2|Z}S1 §71 =015! rlii1;1-=015! §011 CHSH 24^a 

Types. SR(t),-SR(t)„31. §71 =015! 0im7l2101ia8H Oll^S ^ a015! 0*'^ 

N((t+1),I!1 §71 BS7122011AH S^Bfe NC(t+1)§§ S^olCH, §71 S^SOll DJOI 7H§0 -. —01-. 

4:2i§a a§ SB FR,-FR„S §§aB. §71 =015! A11017123S 51 =O15!011 Q15H EES QoS. J 
01» niBDIEI E015! SEH. OHBS E015! 21 §S AIgslOI £1§B SB ^EB 711§5101 =015!S 
AllOlolOI. OlSBoH S A1101S101 5! A1SX171 SEa QoSB a^Al§ ¥ aci. 



§7121 E§§ m ^'921 § A! oil Oil BB ATM 



L015! AHCHSxia §§« §Allo171l §QiaB. 



S ga J||01¥(Call Admission Controller; CAC)71 'o.» a'^ 

e?ulf = §§7|22§ BE2I SEB Bsaa, 01(01 ^ 

E71~B§§^51 . =015! X1ICH7123S §A11 =015!01 E§o17J^ S101I 0HB9 =015!ji1 111 = 0321 

am §EHS oigsioi =oi5ia mm ^e moi« §Ea(reguiate)aa. 

§7121 aa ATM =015! mCH EE§ S17I21 371AI BS§ 51§B. 

sytHiniE Mj\ EHUa! 011*712101 71I^§EE =015!^ 01171x1 Sa aa21_=§§ 

» ° w o ^ svsisoi— oigoioi a^a§ E0151B cioiLH^ia aaB xis.ib 4= aaB. -t._wie ^ 

^01 IIH AIZlOll 9\^ XI^OI ^JSXI 

^7 Qi:?l(lnput queueing)6fAl tHEHOil^ 

transmission-delay time)§ T B'^t^^xl7l"° 

= 015!S(delay-sensitive traffics)§ xlOlolfe 3E01I aJH§0 B ° “ 

□soil cHa Qosoii aaa §a aibxioii 2ish ees qoSs ttAIs -j- aaB. 



axi §71 =015! 01IB7I21011 LHolOI §IIiaB. 



§71 =015! 01IB7|21g BB §EHB =015!g(§§. (31019. dlPE ^ )B -^_§ = ■pso^^ 

mil mm mm°\ =oi5!oii pa 3 iti« oigmoi 010121 xiaiaB^ 

m pl-<=> tz ■5011 cziiQ H121 ^01 EOIS BqwB §a^ E§B§ =015! ^^21 -r- — 1 ^£ls 71 t 2; — B 
°AToil*a(:i §S =M5!21 2171 S1§ Aigsie. §7I =015! 0I1B7I21S 

S^ ¥ aB. §71 E 3§ assioi =015! 011B712121 §§§ §Biaa. Aia tOllAI 2171 n Bc=sB011 
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CHtl MEHS! SiOl ^5H5J 0||^:J|2121 SJ^OI £1CH, OH SS5H o[D\ 1>31 ^Cl. 



Input tor (/) = [MO NO- 1 ) M<-2) M/-(«- 1 ))1 



M^I <4=sf^o 1>011AH N(t)fe AI21 t01IA^ 
fe ee*irii5S(transpose)0m. ^51 AIZl tOIIAH MEH®! 
m es-KHi 2j^£ife oiHe ^EH5! @a. 



Sei £g£lfe ^SH5) ^B£1 4=B SiDlShOI. T 
0IH:3I212J AIZi- t+IOIlAH OIEHSI EISs 

0|g iiios aSoH oh:7|2| <T^5f^ 2>21 ^ 



a. 



Output torO') ~ [M^+l )] 

S Aliaa 31§011A1, AHAH MSH5I21 23§ lifieiSHa, COEIAH ^D\ = 

= =»nti sw a^^Sl-fe iJS^ OHS 3ls( input-output mapping function)H) oHSo^I= =, 

1S%S|| ra.l^r^afs oih?i2is oieh eisb5 

^Si^AlIvSa iAlfMEHSbl [ffl ^2H5!2| 31S jijga. 

^ ^I^EEH“‘ OIHOI21g P3H2J 2BS ^^301, S 2SS E 4011 2AI0 bt£1 ^01 -rrs ^ 

l? 3 lrec‘;;rrinl neural m ^ 91Q. 2 4(H1 2A1S 2 S^ 21V || 2|| 

m:)H 21 va (neurons) ft £ VS^Ct. Oi:)|AH x(t)ft 0|<it AIS(discrete time)0IIAH L1ia-H30ll 
S- y(t+1)S a§2J AI2) t+IOIIAH SJ 

oj'^ui>sri= 1/N “'El£i ^■*21510 OilEHs e(t)fe Sioife ftSIlt oHSol-^ Ptftxl SStft ?ilii*-e!- tt 

S 12 ?ro, a 4fe?2S£i 2EHS 01H?l21ft £Aim2 2A°ffl. SOI 

011^012121 21 2%^ MEHSa j31>i iia S^eiiEiB VSSCl. 01* aSoH o|-0l 

3>2). 



xO-J^) = INO-fcX NO-k-lX ..., NO-k-p+l^'i'' 

^i;)| <^i§1>ii 3>01IAH k=1,2,3 MOI @E1. OIIIH A121 t-k+101IA4 011619 2Ska N ¥resa eijEl S 

5SS yJ(t-k+1)S S10121 <4=81^ 4>a 



y^O-k+l)= |>*,,(#-*+l),>'*.2('-*+l). -.O' 

omS 2ft(011*ft9 2S P) ma xfSSa ®!EH yu(t-k+1)9 1 °UM AI99 “Oil ?1IS1 

oj»g!p g^ffllEi y«(t-P+1)= 2ft P-1011 SS ?il99CK S 2ft9 olOl <4=s1S 5>0|| SoH §39 

0HE161S* OilSelCl. 






A=l, 2, ..., P 

Ai:)| <4=sfi1 5>0ilAH N(n-k+1)9 9E1IS 6!s3 *ft(sampie)OI2, yk.i(t-k+1)9 2ft kOHAH 

t=t 901I CH*afe ft^OIEl. SHI *^9 2ft 13 ^9011 3SH *§301, Olfe S10I3 <4=®1S 6> 

31 a** V SlCl. 



KO 

niTioioa AiTi EgHS 011^01213 *®9 qft OlftSlOl 3101 31 y(t-1) ,y(t-2) y(t-q)£ OH^t 

IS:^5‘ltxi ei-a-;.! VS819 (q+1) S Olgxife N(t+1)01IA^_0iHS a§51810j 981W aS 

LMS 92£lft{standard ieast-raean-square algorithm)* AlftolOl ^ 

rr fTtPtAt ^roi ^SH^* 011*01219 ElS^Sl ^EHS31 9EHS3 01101x1 9 e 1 ft§ Ssls xlEls -r aaOH 
Sd OH SJ^39 9SHS ^-Oil CHtI 0IEH3 

(N(t+1))s Oll^oia, 29 9EHS 4i6;(TN(t+1))ft9¥EI_ 011^9 9EHS a!E19 

CH012301I 9^901. SOI TN{t+1)01|AH3 §39 5101 <¥§!§ 7>31 *201, O10IA4 m9 _EH-^ — ^3 

VOIEI. 



7W(/+i) = • •■ N^o+iyV 



9awi9 SOI §§01223 ftSS S019E1. SOI 
9 NC(t+1)3 ^ ¥• OllSolOl SOI ^^3 
NC(t+1)9 5101 8>31 *01 §393. 



§§01229 01EH3 ElSs*0llA4 ^^* 0101* 4= 21 
o = g SA1512, 9-2H SEHft §§SlEl. OlOlAH 



1VC(1+1) = 77V(/+1) - BSO) - TC 

AOI <4=S1§ 8>0llAi TN(t+1)9 29 ;69ft9VEl 01H9 ^S3 
tHffl 93(^)0101, TC9 5l ElSft*01IAi L1I9?I301I 9^39 ^ 
:>| <4=S1<!M 9>3 *01 §3* V 21 El. 



% 4=012, BS(t)9 9AH Al§0199 
4=B 30I51E1. 01 01 AH SOI TC9 51 



TC=V/ItHCID\ 



AOI <4^S1§ 9>0I|AI At9 ElSsBOia, C9 * AIOI^OIQI, L9 S3 SHAH Al El ( I ink capaci ty)0IEl . 
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S§:il22fe NC(t+1)S Al-§5l-01 oHS fe^EHS §§ol-2, Olfe 5^:J| 
ScK OH E[gJ#^0||A1, &OI §§3|22fe 6HS 4fEH2J NC(t+1)S 



o) <=4:=s}ij io>3H ^01 
eeH5! Aiioi:?i230ii 



On state if A/C(<+1) ) 0 



Off state if NC{t+\)< 0 



uitHinis e?H“* HI01I3I232I a'fflaC.K a.£H™ I1I013I23S cfXlol^^l t15K)1 OIEI § 

1^1 kg XI101* Ai^goia. mbh^ si 

™?ip?=r^ U| Oiigs M£Hg aiEH TN(t+i)a §§^|21 Nc(t+i)s oigmol 2,^ e 

t-a ka se «ioi^i23a meh5| ^:^oii A^gx^ 

aS Qosfi sxiaa. nsHHs mbh^ xiioi:?I 23S g^g arxioni sEa g ^: 2 iOH cna 

sxiacf. a:?i ^aig xiioi:?i 23 g st:j|£i aoi oiai §§e ffsiss £Ois a:»l 2 ^ aa :>!=. 
m 4=gaa. 

oHH Al^t- ^ AHb! 

X aioiM ^011 HloH Al■gx^:?^ Qosm Ei-^A13|fe LH011AH s.E ^ 

e£UnX 2;^(N(t+1))0! 021 &^Q-. _A||yjP3]^ XlSOil EJ^ol-AI « 

S epjjni^ XHSoSPI ¥ioH bHffl(extra buffer)^ ^^ej-CK Ul^Wl^ EfS.|-Dl 

gsTmi a aorsfpfak ?«i oi4i=s siisae sms «et aaoiHM |s(d,«)«g 

s 3£121 A>:»1 Mmj\22D[ 2H aaa aniMa, bHEioiiAH 5^ga <-21 gg 

fcHttis sgaa. 

Aia tOIIAH ni ^2ig21 MEHg X11013I232I gjgg o^:>12^ 11>S SSg -i- 2iCf. 



Input tor = [ iV(^+l)i S/?(0i PBR^ Type ^ 



Ar(f+1)2 goSj S/?(/)2 ^^^2 



A^(?+l). goS, Si?(0, 



iV(^+l)„, 0oS„ S/?(f)„ 



Nit^\)V 

Ah;j| <4=sf4ii i-|>0)|AH SR(t)|g iaWI S£Hg 4i^0il CHSKJI t Aia J)^X1 XIICH¥21 AHbl^ BllOl^SOIffl. 
pgp|.^ MBHgSl EI3 bis £1I0|S0|3, Typeife SBH™£I gEHOlQ. a?l SEHg X1ICH3I232I Sgcr m 

4:kgoii cHa g£2i “HEHSAi si:7i <4^ag i2>2f aoi aaaa. 

Output tOr(,f) - FR -2 PPi PPni\ 



A^;J| <=A§|AJ i 2>0IIA1 FR,g iaWl S2Hg ii;2i01l CHa ®g g£0ia. 

AKTiQi. 2>oi Epuni TiicH® ga' xigg 3=^ a gS2i gAioiioiiAig 33H2I xiicH“s ^ 

OH Ig. MEHg oiig:)i2ioi Oiiga diei aeng 2.^011 °ish g§?l 22 x^ 
^5 aEH °¥g oligsfa. axi seng xnoi?i23S g^ oi¥oii (r^^^ g saHgss 

QoS« ^XiaiDl g^g gfXlg ^ SlgSI °S ^£* Sgofg 2.^g0^l °)oH SaH-.^ XII01 

ac^. 

gs ^gg gfe a g'Ss) gAiotioH ma atm ssHg xhcmsxisj ggg gg ciioiEig 

5 ^XIlg<=>S aBiaD. OIXIAIg ma bis eil0is;i|^ 64Kbps S 32Kbpsa ^ = 

zLsa S^g :>h§8K)i giEiaa. 64Kbps ggdioiaa 

^xia 24ms ga gga= gsi acn acK a assS -riJi ga ^01 4th o|c= 

ga. bisaiois aaoi aa. oia s° xiiagAig aaa aa gs sgAiaa. 

DixH E2H°' QioiEi gg j!f§s gEisa, g sg sa as Aiag ;?i-xiffl. gagas ga 
?oni360msoT a aS l?i a T^f r=64?ms2i £s ag ^xis xi^gas sbHaa. gg s aa 
so^ Jigs ^ Tms ga g^gaw, aaoii as as ^:?igaoiip_goi ggaxi a— a. oi?i 
^'64Kbp^ ggaioiag T=6msoia 32Kbpsa gg Qioiag T=i2mss 4= aa. 



^awia g:?i seng oiig?i2ia 
A^go^a. g:?i aag oiig:ii2ig 
g g:?i seHg oiigxi 2 ia gs 



ggg gfflsa. 50 aagg ga ssHg oioiaa tu-xi as 
iTHa oiBH aagg ga ssHga as otigaa. a ?a ^ a 7b 
i3^g aAl 5 ^a aa. goi a 7a ai a 7boii axia bha aoi g:>i 
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eg}|n| eenni oil^e g^S5^?^l 4= 2i°CH 

4=21 §®fe!- 011^ tlieOl 93%» 3iS ^ 4= 9iQ . 

S§:M22fe eiHHI U1M9I3 fe^EH01l>M ^^21 



, OIBH EIS^SCHIAI ^« 2 | 

MSH51S1 Oll^a ^31« OlSoie. 
4= 9xa. 



'''■D\ sa:>i 222 i m^m -feoi s§?l 22 ?^ m5H^ oii^:ji 21 os 

Jai® 4:S(TN(t+1)01l □& DieH 01l^@ £= S<tSM =4ii!otDI. e^XH21 U1M¥43 &^EH(A^S 

?^Si^ tHffl i !3 3Hni1A|E| #)■ OIgSIOl S/ 2 H ggtia. L||e^3:)l 2 g M 

gum ^EH OII^S Sg ^ xHEIfe*^ 4= 2420. s§^j 22 fe 2 H SCI. SS 

'^^3I as:5l22fe S &^EH:>I- S3 ^D\ SBHS! I1I013|23011 NC(t_1)S agtici. £ 7afe 0P1 o1t= 

SaII ^S2| 4=a S.AI512 24201. 2 7bS SS7I2221 A|gai0|i^ gjllS £Alo42 24C1. 



U|t*lJBlS 25H® A1I017I222I gSfS ^'■fflSCI. bHEI A^01£ B-10000L/CE12 

!= g 41 M XI3s ei-^542S 017|AHfe A^SX^7^ 24^11 QoSOII CH§4 ^ 

oiM B=1000DL/COI1A4 Omsfe tHfflOll SOI XI0A1SOI2. LS S3 

At012£ blSS SAI9C1. 017IAH 1!3 3H1IHAIEI L=0. 8Mbps. B=11^. QoS=10 S 



7^§5^D1. g^Qioia 
e>S 3SI8171S SCI. 
9HID1AIEI0ID1. Cfe ^ 

74S&C1. 



E2H® X11CHUI23S egiiaioi egH^l Sgg §ff§1SC1. •^71 SSH^ X1I017I23S S^XIol 

5 24 5eH5! 4;2i01l CH54 A4SX421 24* QoSS SXIS4C1. MEH^ A1I017I230I 

^S(N(t+1). AHtil2i aiOIS g)31 ^^011 Z»m §M(NC(t+1). S25 &4EH)S 4=Soie._&*71 
AIICH7I23S OICI §210 2^011 3715101 SBHSi og21 A1101B AI^ISCI. §71 MSHSi 011^712301 =J 
ai^^l 326 E> Al ois IIH. S2H5-0 S¥ BSS ^§A1S ^ 24201. SS«B!(^1 2) 
i A-THliliroilfe ¥§llfe m ^SSOIl 2ioH 0110C1. ^4 30BS21 24 SEHa-o, aHUI^ EIIOIS 
— 3S18ia §71 ^eiiai A1ICH7I23S SBH®! °SB aj!1§2£ AI|71o13, ^4 MEH^ 4;:^;0I1 CHS QoS 
i °X iB’ £ BS'^lWSIXl QOS21 4113201 A1SX1 23 QoS* ^XISIS SEH^I A1I0171232 A| 
laFoils *31* £"|813 242. S SS2 §A10||0II 2* ATM SEH^l A1I2§X13 

EH S42I Otl^Oll 37|o12£. A1I27I3 00o131l §XIS ¥ 242. 22AH *“ *s._ =>71 £ 2 

Oil £A10 d12 SS tHfflOIIAH £S02. 3E12 §71 bHffl2 B ^§§S 0H3 §22. QoSs 
QI asi oixixife affe2. £ 93 bimoiiAH Aiiwsig §7i sehsi X 11271232 Aisaioi§ *3 

* £A|813 242. 



MM 



§*§ b12 *01 0 SS2 SAIOIIOII 2S ATM SEHS) AII2SXI3 § £EH§ 
s| S SEHSI m.m ^£* 0tl§S12 xTEI*2. 22AI S SS2 SAI011011 2 
3 A1SX171 2381fe 2ae AHbl:ii2 SS 0§AI* ¥ 243. §* MEHS! 
MEH5! S L1IS?4321 i4§:ii0 0S1OII CHxIolW §3 §EHS §X1S ¥ 



4i^01l 2812 OIEH SEH 
* ATM 2EHS1 A112SXI3 
S2S xlElS ¥ 2422, 
24¥ 0l§0l 242. 



(57) &^S! &9t 
*3S 1 

OIIOlEia ££H§* A1I2S13 SxIOIl 242AH, 

237H2 MEHSI :t;:4i*01l 2SH *§23 £EH§S X1SS12 *§813 






§71 SEHB! 4i30ll □*23 ¥£ 3b|23. 2424 OI 30 L1I0?43£A4 §§ 2a** 33 *0 ¥§ 
a *s°| =4=s §g§2^ §*812 0IEH2 *§ 20** *0 £** **2 *• 011*3 DIEH2 Oil 
* £SHS! 24SS *§813 SEH^j 011*71*21, 



§71 £EH§ 01I*7IS01IA4 S§23 24 Oil* SEH* 3S*_l4§0 331, §71 *§2312 3 



*§ 20 ** *0 S 



* 



0§S12 



Al 01EH2 §§ 20** 30S0 xHEI* 



2312 

*S2 



s ss 



71 ' 

1 * *§812 , S *i 



§813 *§ 



712, 



oi.>^rae AI^*°£AM §71 § SSH* 4:3*2 A|bl3 3I0IM, § EH . EI3bl£ aiOI£. Oil* £EH^ 
24 sir §71 £"A § 20 | Al X1E1* ¥ 03 * ¥« 0§S12 § £EH§ 33*2 §§2 §**; 
I 1§812 §2 *^ 2 ffl 2 A1I2S13 M 2 § AI127|£ 3§S *« ^§ 2 * 813 0110120 

2 § All2§xl. 



§3* 2 

Alimoil 02 A1, §71 MEH§ 011*71*01. 

2424 8H0813 £EH§ 33*011 2812 20** 302S 23 * 24 20*^011X4 
0** 812 312 n 20** §00 20**g^ 0§23 **2 ¥S 0§812, 
§*S §§011 2£1 §*§2S OIEH 0 20** 30011 £§* **2 011*0 *. 
gg ^*813 0* *§2S 813 0H0I2S SEH§ A1l2§x|. 



0§S *S2 3* 
§71 0§2£ *E1 
6 HS Oil* £EH§0 



§314 3 



A1I1§ £3 A1I2140II 02A1. §7| *§7171 



§71 £EH§ 011*71*2 S§* 1400 * OH 
■ 00812 S*^A 1 xHEIS ¥ 03 **2 
*§813 xlEIS ¥ 03 * 71I0AI 2S§2 



* £EH§ 0O1IAH §71 *§22 Ss37| 0 0** * ¥ 
3S 7110812. §71 S*^71 *§2X1 0* Al 3§2£ 
S *§813 0* *§2£ OllOIEiai £EH§ A1l2§xl. 



§314 4 
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»l3S0il aiOlAH, ee^j^|x-||0l:,p^. 



Al SXI@ Mej|5!g°| 

Ul2i« S>^AI3lfe &£ UlOIIAH seH™ a^^£g §0101, 
£S ^§8^XI SfH, XI9501I eJi^o^XI ^OIS! MSS 

S3^o|•S MSS SSA|3IIi2, 



AHblriraiOlS ±011 51 SH AlSXPl 2^1} AH 
oii§s SBH5I 2ioi oei sanaiss 
2!|>iM£l tHfflCHl S±5lDl, EI3 M eilOlSS 



§§:>IX1 Al feOl 2!1±S£1 tUfflOllAH !?hSgh ±21 MSS S^HWIHOll S±51S 5 

S ^§2S 61S OIIOIEISJ S2H^ XllCHSxl. 



5 

dioiEi^ sen5!s moiois sxioii sioiah. 

□■±3H21 se||m ±>;S0II 21SH S2HS1S S^HtHElOII XHl,^olfe jH-SEl, 

4131 saisi ±±S011 218H 2KH21 MS ElgISS ±21 S21 ±4!S ^S21 ±« ^SS2S 

±8101 Oiensi S§ EiaS5 S21 £SS ^S21 ±S Oll^gl □l£H21 011^ SMS! 21SS El 

§31. 



M:)| 2| ot|s ecu 51 gigi 
±S 21^8101 giHtHIH21 
ei xHSIS ± SIS MS21 



331 m M§ Eiaii 
± S§AI OISHSl M 



; sei 



§±S 



m ±2H 



§31 21 SBH^ ±2iS21 AHdl2i aiOIS, 
EHOIIAl xHEIS ± as S ±* S^SIOI 
IH21 ^±a XIIOI81S 31S2S OI^OIS 

§±ii 6 



il§& a31. §31 g^blffl21 1 
°°a §§8101. m 
■ S^81S 31§31. 

SEH. niabis aiois. oii^ seH^ si S3i. §3i s.^^ § 
21 SBHEl 4:SS21 a^joi S±±£S 31I§S101 §3| g^lbl 
i sgo^ SIS OllOIEI^ SEHS) Xll01§a. 



XllStlOII aOlAH. §31 MBlia!4iS21 0|EH SBHSl gig 0I1^81S 31§0|. 

2121 S11&81S SeH^l 4iSS01l □8101 aSSS ±21°S US ^ § EiaSSOIlAH a^S ^S21 ±» 
3?1S 8101 3131 n ElSwS §^2] EISSSSS a^£IS ^S21 ±g a§181S 331121. 

a^2S ^0 §lsS ilSOII OJEl §S§2S Dien el ±3011 ££is MS21 0||§gl 

5. 8HS 01l§ S£HS)glgg S^llS ^§®S 81S OIIOIEI^ SBHS| X||0§a. 



§±il 7 

XII5S1 SES XlieilOII aOlAH. §31 il§S±S §§81S 31§0I. 

§31 011^ S2H5| ass S^S tl§8101 3§181S 331121. 

§31 il§ 011^ Sa|5! 3011AH §31 S^ffl21 ^s33| * 3±S M ±» §§8101 S^±AI xHEIS ± 

as Msa ±® 3ii§8is 33iia. 

§31 s^±3i ^§axi as Al s§0s g§8ia xiais ± as s 3 ii§ai 2H§as §§sis 3 

31IS OI^OISS ^§2S 81S O1IOI0§ SB1|5) XllO)§a. 
s±il 8 

X1I7110II aOlAH. §31 SeH5! X1I0131S01. 

§31 §§3131 S§0§ Al eXHDlXI SXIS 21 MSH^ISa AHb|S21IO|M ±011 0611 A1SX131 2±3 AH 
bis* 3§A|3IS 32 UOIIAH MEH5! §0101. OII^S S8H0 §01 03 SSHSISS §±± 

2S 5S81XI aa. X130II 3si8ixi as ssnsj MSS ^ssa amoii §±oiffl. nia m eiioiss 
S3181S MSS 2SAI3IS 33110. 

§31 §§3131 2S§0§ Al §31 911SSE1 tHfflOIIAH 31S3 ±0 MSS §3| §§1011011 2±81S 3 
31IS OI¥0§S ^§2S SIS OIIOIQS Seil0 Xll0§a. 
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£&3 




Module 1 
weight W 

y(t) 
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£&9b 



cell-loss ratio 




SB 10 

cell-loss ratio 
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